A.F.MILLIVOLTMETER TESLA.BM 210 


Instructions for use. . 
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The electronic A.F. millivoltmeter is designed for A.C. voltage 
measurements from 1 mV to 300 V within the frequency range 

20 ¢/s = 30 ke/s. As it has a high input resistance, the apparatus 
is suitable also for measurements of sources of high internal re- 
sistances. It is applicable in audio-frequency engineering for the 
measurement of amplification, frequency response of amplifiers ‘ 
microphones, pick-ups, photocells, etc. , 
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DESCRIPTION ‘ 


The. millivoltmeter TESLA BM 210 is basically a three-stage ampli- 
fier, to the output cf which is connected ean A.C. voltmeter com- 
posed of a copper oxide rectifier and a microammeter. The voltage 
which has to be measured is fed via a capacitor to the voltage 
divider which is fitted with capacitive compensation. All the three 
amplifier stages are RC coupled. Between the first stage and the 
second stage is the amplification control which serves for the 
‘sensitivity setting of the apparatus. In order to increase the sta- 
bility and the gain linear frequency response, feed-back is appli- 
ed between the cathodes of the first and third tubes, by using 
cathode resistors without by-pass capacitors. A second feed-back 
arrangement is between the anode of the third tubé and the cathode 
of the second tube. The output stage of the sinplifier supplies the 
measuring instrument via a rectifier in Graetz conneétion. 

The H.T. and filament voltages are stabi lized with a magnetic sta- 
bilizer which compensates mains voltage fluctuations of + 10 %. 


MAINS CONNECTION ‘AND VOLTAGE SWITCHING 


Before the apparatus is connected to the mains, it is essential 
to make sure that it is switched to the available voltage. The 
millivoltmeter may operate on 120 V or on-220 V mains of ad c/3. 
If it is necessary to change the 
voltage of the apparatus, the re- 
taining strip of the voltage se- 
lector must be removed and the knob 
of the selector pulled out.and turn- 
ed so that the triangle above it 
points to the available voltage. 
Then the knob is pushed back and ~ 
the strip replaced¢. 

The apparatus has been set by the 
makers to 220 V. . Fig. 2 


The mains is connected with the supplied cable by inserting the 
power plug into the receptacle which is on the back panel of the 
millivoltmeter. Next to this receptacle are the mains voltage se- 
lector and a fuse (0,2 A/220 V) which for 120 V mains must be re- 
placed with a fuse of 0.4 A/120 V. 
The mains is switched on and off 
with the switch V (Fig. 1). When ° 
the switch points to "O" the mains 
is off, when it points to "I" the 
apparatus is energized. 


MEASURING PROCEDURE 


After the mains has been switched 

on, approximately 20 minutes must Fig. 3 

elapse before the temperature in- 

side the millivoltmeter reaches an equilibrium thus rendering the ° 
apparatus ready for use; in this manner only can be achieved the 
required accuracy of measurements. The glow of the pilot lamp indi- 
cates that the apparatus is switched on. The earth lead for the 
apparatus must be connected to the terminal marked "+" which is 
on the front panel. Then the range switch must be set to 10 nV and 
the input terminal mst be covered up with the provided screening 
cap. The deflection of the instrument caused by remnand voltages © 
must not axceed 1 scale division. When the switch is changed to 
"O" the deflection must disapear totally. 

The voltage which has to be measured is connected to the apparatus 
utilizing a coaxial cable fitted to the terminal marked "Input: 
(Veiup). If conductors fitted with plug are used, the one which is 
connected to the chassis of the measured source has to be attached 
to the earth terminal of the millivoltmeter, whereas the plug of 
the other conductor is. inserted into the centre socket of the in- 


put terminal.. 


CHECKING OF THE CALIBRATION 


The millivoltmeter has been calibrated by the makers by comparing 
it with laboratory standard measuring instruments. 

Constant accuracy of the indicated voltages is secured by the 
application of negative feed-back and the stabilization of the 
Supply voltages. Nevertheless, the influence of tube aging cannot 
be eliminated entirely. Therefore, it is advisable to check the 
indications from time to time.by comparing the millivoltmeter with 
a laboratory standard instrument. A source of sinusoidal A.C.should 
be used for this purpose. Corrections can be made by regulating the 
volume control Re which is accessible from the rear (Fig. 3). 
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TECHNICAL DATA 


Measuring ranges: 10 mV, 30 mV, 1CO mV, 300 nV, 1 Vv, 3, 
_ Frequency range: 20 c/s to 30 ke/s 
Accuracy: of the instrument: 2% 


of the voltage divider: 1% 
Frequency error: + 1 % up to 10 ke/s 
+ 2 % above 10 ke/s 


Additional frequency error: max. 3 % loss | 


at 30 ke/s in the lower part 
of the scale . 
The accuracy is’ to be understood in % of 
the full scale deflection and for sinu- 
soidal waveforms ‘ 


Input resistance? 1.5 M& 

Input capacitance: for the range 10 mV: <30 pF; for other 
ranges: < 20 pF 

Tube complement: _ 2 x 6BC32, 6F32, 6231 

Pilot lamp: 603 V/0.3 A 
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Power supply: 
Power consumption: 


Fuses: 


Dimensions: 


Weight: . 


BASIC DIAGRAM 


A.C. mains of 120 ¥V or 20 ¥ +10 %, 50 e/s 
25 W +10 % 


O,2 A for 220 V, 0.4 A for 120 V, in the 
mains connection : 


280 x 195 x 150 mm 


7 kg approx. 


Fige 4 


EXAMPLES OF MEASUREMENTS 


1. Frequency response of an output transformer. 


Instruments utilized: 1. A.F. millivoltmeter TESLA BM 210 
2. RC generator TESLA BM 2188 or 
TESLA BM 212 


The RC generator is connected to the primary of the transformer 
via the resistor Rl. The secondary te connected to the input of 
the millivoltmeter and bridged over with R2. 

The resistance of Rl is equal to Rz --Ry 3.where Rz is the load- 
ing impedance of the tube for which the output transformer is de- 
Signed, and Rv is the output impedance of the RC generatoxn. 


The -resistance of R2 can be calculated: 


Re x Rk 


R2 = mewenn- 


Re - Rk 


where Re is the input resistance of the A.F. millivoltmeter and 
Rk is the load for which the output transformer is designed. 
(generally 4S for output transformers of usual design). It is 
possible to assume that R2 is approximately equal to Rk because 
Rk is mch smaller than Re. 
During measurement the frequency is changed and the output vol- 
tage of the RC generator is kept constant. The results indicated 
by the millivoltmeter can be plotted in a diagrem preferably on 
paper with logarithmic scales. 
If the ratio of the transformer is unknown it can be ascertain- 
ed easily by using the same arfangement. The resistora Rl and 
R2 of course are deleted. The ratio can be found by measuring 
the voltages across the secondary and primary windings. 7 
Audio~frequency transformers for push-pull circuits are measured 
by finding the frequency response of both halves of the coils. 
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Fig. 5 


2. Frequency response and sensitivity of an AF. amplifier. 


Instruments utilized: 1. AF. millivolimeter TESLA BM 210 
2- RO generator TESLA BM 2188 
(If no AeF. generator with output 
measuring instrument is available, 
the output voltage of the generator 
_will have to be measured with an 
AF. millivoltmeters} 


The following circuitry is utilized: 


The resistance of Rl = Ri - Ro; wheve Ri is the impédance of the 
source to which the amplifier is adapted, and Ro is the output 
impedance of the generator. If the output impedance of the geneva- 
tor is higher than the impedance Ri, Rl must be connected in pa- 
rallel to the output terminals of the generator. Then Rl will be 
given by the formala: ; 


Ro x Rai 


Ro — Ri 


R1 


The resistance of R2 can be calculated: 
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Re x Rz 


R2 = ------- 
Re - Rz 
where Re is the input impedance of the A.F. millivoltmetér and Rz 
is the loading impedance of the amplifier. As far as Rg is smaller 
than 10059, R2 may be taken as being approximately equal to Rz. 


The AeF. generator is set to deliver a suitable voltage which has 
to be kept constant during the whole procedure. The frequency of 
the generator is changed and the output voltage of the amplifier 

is measured. 

The amplification of the amplifier is.measured by oeteine a voltage 
(Eg) of the generator to produce an output voltage Eout = \Rz x Nj 
where Rz is the genase resistance of the amplifier and N is the 
rated power. 

‘The amplification of the amplifier is: 


E out 
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Eg 


3. Inductance measurements. 


Instruments utjlized: 1. A.F. millivoltmeter TESLA BM 210 
. 2. RC generator ‘ TESLA BM 218a 
or TESLA BM 212. 
3. Variable calibrated resistor 200% 
(any variable resistor may be used 
if it is possible to measure exactly 
the value of the set resistance with 
an ohmmeter, e.g- the Omega bridge). 


With the spews ty according to Fig. 7-it is possible to measure 
inductances up to 1 mH with sufficient eecureny » 
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Fige 7 


The RC generator is set to a suitable frequency. The switch P 


is set to the first position and the deflection of the A.F. 


millivoltmeter is registered. Then the position of the switch 
P is changed to 2 and R is set so as to achieve the same de~ 
flection on the. millivoltmeter as before. Repeat the procedure 
to check up on the deflection in both positions. The inductanée 
is calculated from the resistance as follows: 


R 
cer 


where @ = onf, and f is the frequency of the voltage delivered 
by the generator. 


Note: The switching can be done with leads end plugs. In posi- 
tion 1 the connections of the RC generator must be changed over 
because the earth terminals of the RC generator and of the 
AeF. millivoltmeter are interconnected via the mains cables. 


e 


Capacitance measurements. 


The instruments applied and the circuitry are the same as in 
the, previous case. (Instead of the unknown inductance Lx the” 
unknown capacitance Cx is connected.) In this manner only capa- 
citances above 50,000 pF may be measured. . 

The procedure is as described in the previous case. The capaci- 
tance is given by the formula: 


a: 
Cx = ----= 


W&-R 


Note: If in both measurements (3 and 4) the frequency 15.9 ke/s 
4s set, the calculation will be easier as at this frequency the 
following formulae are applicable: 


lx = Rx 107? 

1 

Cx = == x 107? 
R 
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GUARANTEE AND REPAIRS 


The A..F. millivoltmeter TESLA BM 210 is calibrated and sealed by 
the makers. It is warranted free from defects in material or due 
to. imperfect workmanship. Under this guarantee the maker's obli- 
gation is limited to repairing the apparatus if it proves to be 
defective within one year after shipment, provided that the seals 
have not been broken. 

Should it become necessary to return the millivoltmeter to the ma- 
kers for repairs or recalibration, good and careful packing must 
be ensured and the shipment must be addressed to: 


KOVO Ltde, Prague 7, Czechoslovakia. 
| 
| 


ADDENDA . 


to the instruction booklet forA.F. milivoltmeter BM 210 


when printed the instructions booklet, some bad formiations 
were made, which we correct with this addenda: 


Page 7 : 


Page 9 : 
Page 10: 


Frequency response and sensitivity of an &.F. 
amplifier. ; . 


The resistor ‘RL (Fig. 6) is connected if the cha-— 


racter of measured amplifier need it only. 


' For sensitivity measurements the resistor Rl (Fig.6) 


is not to be connected. For very precise measuremente 
the input impedance of amplifier to be measured is to. 


be more higher then the output impedance of the RC ge~ 


nerator.e Only in this case is-the deflection of the 
built-in VIVM right. When the input impedance of the 


_ amplifier is not more higher then the output impedan- 


ce of the generator (when TESLA BM 218a is used) the 
input veltage of the amplifier is to be measured by 
means of the second milivoltmeter, which is to be con- 
nected during the whole measurement. 
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Capacitance measurements 
' 
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The precise measurements can be made, when the used 
instruments are not interconnected by means of the 
protective wire in the mains cord only. 
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